only patients who had a single knee operated on have been followed up. The minimum period of observation was 22 years.
The late effects of total meniscectomy in children and adolescents remain uncertain. Reports show a satisfactory outcome in 34% to 74% of patients. [1] [2] [3] The observed incidence of secondary osteoarthritis (OA) varies widely from 8% to 90%, [1] [2] [3] [4] but the use of differing radiological techniques and scoring systems makes useful comparison difficult if not impossible. Studies have involved small numbers of patients followed for short durations. 3 Abdon et al 1 reported a series of 95 adolescent patients with a follow-up of 17 years. We have been able to review the same series 13 years later to ascertain if the adverse clinical and radiological effects had progressed.
Patients and Methods
All the patients had been operated on in the University of Dundee Department of Orthopaedic and Trauma Surgery, at the Bridge of Earn Hospital in Perthshire, Scotland. They were all 18 years old or less at the time of surgery. The operative technique, postoperative care and documentation were all carried out in a uniform manner. 5 In this study, only patients who had a single knee operated on have been followed up. The minimum period of observation was 22 years.
Among the approximately 8500 patients who had a total meniscectomy between January 1953 and June 1973, 313 aged 18 years of age or less had the procedure in one knee (0.04%). Abdon et al 1 followed up 100 of these patients during 1982 and 1983; they were considered to be a representative group since the only difference between them and those failing to attend for review was the length of time since surgery. There were 89 patients who had a single meniscectomy and 11 who had both menisci removed from the same knee. 6 The complete data and radiographs of both knees from that review were available to us. It was not possible to trace five of the 100 patients, leaving 95 for our study. Ten women and 22 men could not attend for assessment (Fig. 1) ; all except the five patients who could not be traced, were investigated by analysis of the hospital notes and those of the general practitioner. Half of the 32 patients not available for clinical review were contacted by telephone to confirm the accuracy of these data. We examined 63 patients (48 men and 15 women) and documented their symptoms and levels of activity.
The mean age at operation was 16 years (10 to 18). The mean follow-up was for 30 years (22 to 39). The mean age of the patients at the 30-year review was 45 years (38 to 56). Lateral meniscectomy had been carried out in 30 (22 men and 8 women), medial meniscectomy in 25 (20 men and 5 women) and double meniscectomies in the same knee in eight (6 men and 2 women).
At both the present and previous reviews the Tapper and Hoover scoring system 7 was used to rate recovery from the operation (Tables I and II) . At the latest review, symptoms of OA were scored by a Likert-scaled WOMAC OA index. 8 This is a self-administered questionnaire in which the patients indicate their responses on a five-point scale (none, mild, moderate, severe, extreme) to 21 questions in three domains (pain, stiffness and function) experienced in their operated knee over the preceding two weeks (Table  III) . The range of movement and ligamentous instability in both knees were documented at the 17-and 30-year reviews by the same surgeon (PA). A KT1000 instrument (MEDmetric, San Diego, California) was used to measure anteroposterior (AP) instability objectively at the 30-year review. Both knees were assessed radiologically in the 53 patients who consented to this investigation. The use of a standardised technique to take AP radiographs of the knee with a jig designed to give a reproducible varus and valgus stress 9 allowed comparison of these radiographs with those taken in the same patients 13 years earlier. Two of the authors (MJMcN and TA) decided on a consensus grading of OA on radiographs for both knees from both the 17-and 30-year reviews using the system described by Burnett et al. 10 This method assesses the medial and lateral tibiofemoral compartments for the size of osteophytes and narrowing of the articular cartilage. The compartments were assessed for narrowing from the film in which they were in compression, namely the medial compartment with the leg in varus and the lateral compartment in valgus. The compartment was assessed for narrowing at its mid-point and scored from 0 for a normal joint space to 3 if bony contact was seen.
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Statistical analysis. All data were tested for normality and appropriate statistical methods were then used for further analysis. For normal data Student's t-test was used to analyse the differences between groups, one-way ANOVA to analyse the differences among groups and the pairedsamples t-test to analyse the difference between readings on the same subject at different times. For non-parametric data the Mann-Whitney U test was used to analyse the differences between groups, the Kruskal-Wallis-H one-way ANOVA to analyse the differences among groups, and the Wilcoxon signed-rank test to analyse the difference between readings on the same subject at different times. Corrections for multiple testing were made.
Results
Pain and disability. Of the 63 patients followed up clinically at 30 years, two had retired from their jobs and another two had changed their type of work because of problems with the operated knee. Seven other patients had retired for reasons not related to their knees. Levels of sporting activity had decreased in 47 of the patients, in 12 because of problems with their operated knee. A total of 45 patients (71%) stated that their global assessment of the outcome of the meniscectomy was at least satisfactory; 48 (76%) felt this to be the same or improved compared with 13 years earlier.
The outcome was excellent or satisfactory in 60% classified by the scoring system of Tapper and Hoover, 7 compared with 48% 13 years earlier (Table II) . A WOMAC OA index score was calculated for all patients reviewed in this follow-up. Normalised WOMAC aggregate scores 8 for the patients grouped by their global assessment of the outcome of surgery are shown in Table III . Range of movement. At the 17-year review, none of the non-operated knees and seven of those knees which had undergone excision of the lateral meniscus had a flexion contracture (mean 8°; range 5 to 15). At the 30-year review flexion contractures were found in nine of the non-operated knees (mean 15°; range 5 to 25), and 17 operated knees (mean 15°; range 5 to 35) of which eight had had lateral meniscectomy, seven medial meniscectomy and two both (Table IV) . AP stability. The anterior drawer test was considered positive if a difference in anterior translation on maximal manual anterior stressing of the knee at 90° of flexion was found between the operated and normal sides. At the 17-year review there were 17 patients with a positive anterior drawer test; in five after double, in five after lateral, and in seven after medial meniscectomy. It was considered positive in eight patients at the 30-year follow-up; two of these had had double, three medial, and three lateral meniscectomy. Only two of these had a difference in laxity of 3 mm or more from the opposite side when measured by the KT1000 device.
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Radiological assessment. Table V gives the radiological findings in terms of osteophytes, and narrowing of the joint space at both reviews and the changes between them.
Discussion
The strict criteria for inclusion, and the relatively large number of patients reported in this review overcome the limitations of previous follow-up studies. The ability of such studies to record accurately the temporal changes in symptoms, clinical findings and radiological developments has been questioned. 4 There are now prospective 16 and prospective longitudinal 17 reports which confirm the findings of cross-sectional studies.
We found no significant differences in gender in either the functional or the radiological scores. The ratio of lateral to medial meniscectomy in the group (1.2:1) reflects trends previously reported in other children's series, but there is a higher proportion of double meniscectomies than have been noted previously. 3 The outcome of surgery, as measured by Tapper and Hoover, 7 was worse in the patients who had double meniscectomy, followed by those who had a lateral meniscectomy, and was significantly better after a medial meniscectomy. After medial meniscectomy 80% of the patients had good or excellent results, whereas this was the case in only 50% after double and 47% after a lateral meniscectomy. The WOMAC aggregated scores 8 were significantly different between patients grouped by their subjective global assessment of the outcome of surgery at the 30-year followup (p ≤ 0.001). For the normalised WOMAC score 8 the highest score was for double meniscectomy, then for lateral, followed by medial meniscectomy (mean scores 10.7, 4.6 and 1.0, respectively). These functional results reflect those of earlier studies. 1, 15, 18 Ranges of movement of the knee measured at the 17-and 30-year reviews were significantly less in the operated than in the non-operated knee (p = 0.015). The change in the same knee during the 13 years between reviews was also significantly different, with the non-operated knees decreasing their range of movement by a mean of 6° and the operated knees by 11° (Table IV) . There were no significant differences between the double, medial or lateral meniscectomy groups in terms of their range of movement at either follow-up. The result of the clinical assessments of the status of the anterior cruciate ligament suggest that it would be unreliable to compare the clinical data from the two reviews, as differences observed subjectively were difficult to quantify and validate 19 Ahlbäck 20 was the first to verify that narrowing of the joint space on radiographs is a sign of OA. Altman et al 21 consider narrowing of the articular cartilage to be the most important parameter for the assessment of progression of OA in the knee. The incidence of narrowing of articular cartilage in the operated knee had changed from 19% at the 17-year review to 36% at the 30-year review, compared with 11% at each review for the non-operated knee. The incidence of narrowing, and the formation of osteophytes after 30 years were significantly higher in the operated than in the non-operated knees (p < 0.001). There was no change between the reviews in the incidence of osteophytes either in the whole tibiofemoral joint of the operated knees (77%) or in the non-operated knees (25%). The radiological severity of OA, scored by joint narrowing and osteophytes, was significantly greater in the double than in the lateral or the medial meniscectomy groups (p < 0.05). The radiological findings after lateral meniscectomy are in agreement with most reports 4, 14, 15, 22, 23 but not all. 3 Tapper and Hoover 7 were the first to note the discrepancy between apparent deterioration in radiological appearance of knees after meniscectomy, and the lack of change in the patients' functional scores: their observation has been proved in a more recent prospective study. 24 It was suggested that this discrepancy was due to less demand being put on the operated knee with increasing age, decreasing the disability experienced by their patients. 7 Younger patients may expect a higher level of performance, and may be reluctant to accept a decrease in their level of activity. 17 Both of these views may be reflected in the results of our study. One patient has already required a total knee replacement at 42 years of age, 27 years after his medial meniscectomy. Will the series ultimately have a higher incidence of total knee replacement than a normal population? Only further follow-up will ascertain if OA will progress in these knees.
Conclusions
In a prospective, longitudinal study of a group of patients undergoing total meniscectomy as adolescents, we compared radiological changes of OA between their operated and opposite, non-operated knees. At the 17-year review, such changes were almost twice as common, and by 30 years the incidence had significantly increased to being three times greater in the operated knees. We found that 71% of patients were satisfied with their knee at the 30-year review. There had been improvements in functional scores and patient satisfaction over the 13 years between reviews, possibly because of reduction in activity with increasing age.
